1. Introduction {#sec1}
===============

Litter size commonly increases with the parity number in sows \[[@B1]\]. However, in some sows the number of piglets in the second litter is lower or similar to that of the first litter, phenomenon known as second-litter syndrome \[[@B2], [@B3]\]. The second-litter syndrome negatively affects the pregnancy rate of second parity sows and sows productive lifetime in the farm, since reproductive failure is one of the main reasons for culling young sows \[[@B4], [@B5]\]. Therefore, the estimation of and the identification of risk factors associated with the second litter-syndrome may be of great help in planning better management strategies to improve the second-parity reproductive performance. Litter size at first parity is one of the main risk factors associated with this phenomenon, because the odds of the second-litter syndrome increase with litter size at parity 1 \[[@B6]\]. The decrease of litter size or farrowing rate in the second parity sows is often related to an excessive weight loss during first lactation \[[@B7], [@B8]\]. Other factors such as herd size, season of farrowing, and weaning to service interval have been reported as risk factors for the second-litter syndrome \[[@B6]\].

The pig industry is a very important activity in southern Mexico. To our knowledge, there are no reports of the incidence of and factors related to the second-litter syndrome in sows under tropical conditions. Therefore, the objectives of this study were to estimate the incidence of sows with the occurrence of the second-litter syndrome and to determine the effect of some factors, in three farms in the south eastern of Mexico.

2. Material and Methods {#sec2}
=======================

Data from three commercial farms of the state of Yucatan, Mexico, were used. Yucatan is localized at latitude 19°30′ and 21°35′N and longitude 90°24′W. The climate of the region is subhumid tropical, with an average temperature of 26.6°C, an average rainfall of 1,100 mm, and a relative humidity of 78% \[[@B9]\]. Pig production is the second more important livestock activity in Yucatan, being carried out under intensive conditions. There are approximately 105 farms with capacity for 28 to 3,500 sows.

Farms 1, 2, and 4 were full cycle farms with 3,900, 1,200 and 550 sows, respectively. Farm 3 was a two-site-type farm (breeding and production) with 320 sows. The four farms produced their own replacements and practiced the quarantine of the gilts. Sows were fed commercial feed according to the productive stages. Young sows were given approximately 2.6 kg/day of a feed with 3,000 kcal EM/kg, 16% crude protein and 0.8% lysine, whereas the sows received 3.2 kg/day of feed. In all farms, breeding was carried out mainly by artificial insemination. After estrous detection using a boar, sows were inseminated three times every 12 hours.

Data from 2003 to 2011 recorded in the PIGCHAMP program were used. The information obtained was farm identification, sow identification, date of farrowing, number of piglets born alive (at first and second parity), and date of weaning. The weaning to conception interval was calculated as the length of the farrowing interval minus the average (115 days) gestation length \[[@B10]\].

The response variable was the second-litter syndrome, and it was defined as the sow with the same or lower numbers of pigs born alive in parity 2 as compared to parity 1 \[[@B2]\]. Sows were categorized into two groups: 1 if sows had similar or lower number of pigs at the second parity than that at the first parity and 0 for sows that increased litter size at the second parity. The data from 8,592 farrowing records for 4,296 sows were analyzed using binary logistic regression procedures. The risk factors evaluated were farm (1, 2, and 3), year of farrowing (2003--2011), season of farrowing (Dry, rainy and windy), number of pigs born alive (≤8, 9-10, 11-12, and ≥13 piglets), lactation length (≤17, 18--24, and ≥25 days), and weaning to conception intervals (≤3, 4--11, and ≥12 days). Seasons were categorized based on temperature and rainfall in the region, during the year. All statistical analyses were carried out with the SPSS program \[[@B11]\]. To declare significant effects *P* \< 0.05 values were used.

3. Results {#sec3}
==========

The overall frequency of sows with the second-litter syndrome was 55.8%, and the frequencies for farm 1, 2, and 3 were 60.4%, 52.2%, and 52.3%, respectively. The litter size means for farms 1, 2, and 3 and for parities 1 and 2 were 12.5 and 9.58, 10.9 and 8.09, and 10.4 and 8.08 pigs, respectively.

There were significant effects of farm, year of farrowing, season of farrowing, number of pigs born alive, and weaning to conception interval on the second-litter syndrome ([Table 1](#tab1){ref-type="table"}). However, there was no effect of lactation length (or weaning age) of the sow (*P* \> 0.05). The odds of the occurrence of the second-litter syndrome were 1.56 and 2.01 times higher for farms 2 and 3 as compared with farm 1. There was not any particular trend in the second-litter syndrome with years. The odds of the second-litter syndrome were 1.20 and 1.24 times higher for the sows farrowing during the dry and rainy seasons versus those farrowing in the windy season. Sows with large litters (\>12 pigs) had higher odds (33.2) showing the second-litter syndrome than sows with small litters (\<9 pigs). Sows with shorter weaning to conception intervals (\<4 and 4--11 days) had higher odds showing a decrease in litter size at the second parity, as compared with sows with longer weaning to conception intervals.

4. Discussion {#sec4}
=============

The overall frequency of sows showing the second-litter syndrome (55.8%) in the three farms, here studied, is higher than the 49.5% reported by Saito et al. \[[@B12]\] in 106 farms in Japan and the 54% reported by Morgan Morrow et al. \[[@B2]\] in 122 farms in the United States. However, the frequency of sows showing a decrease in litter size at the second parity, in this study, is within the range of reports in different countries, where 40 to 60% of the second-parity sows are affected \[[@B3], [@B12]--[@B14]\]. This may partially attributed to the use of highly prolific sows as a result of genetic improvement of litter size. In this study, 74.5% of the sows produced litter with 9 or more pigs. It is known that larger litter at birth had higher stillbirth losses as compared to small litters \[[@B15]\]. Therefore, farm productivity could be improved through the better management and care of prolific first parity sows.

Farm differences in the incidence of the second-litter syndrome were expected because of animal management differences, and biosecurity measures. Year of first farrowing effect, provides information on trends or fluctuations in the traits of interest with time; associated among others to management practices and owner policies. Year differences in the frequency of sows showing the second-litter syndrome have been notified by Boulot et al. \[[@B6]\] in France.

The higher odds of the second-litter syndrome for sows farrowing in the dry and rainy seasons may be attributed to the effect of the high temperature and/or high humidity in those seasons as compared with the cooler temperatures in the windy season ([Table 1](#tab1){ref-type="table"}). The dry season in the region of study is characterized by high temperatures (up to 43°C) and relatively low humidity (up 65%), whereas in the rainy season the temperature and humidity reach values up to 37 and 100%, respectively. Whittemore \[[@B16]\] found that litters farrowed between October and March were 0.3 pigs larger (*P* \< 0.05) than those farrowed between April and September in the Yorkshire breed. Season effect on the second-litter syndrome has also been reported by Boulot et al. \[[@B6]\] in France.

The higher probability of a reduction in the size of the second litter, as the size of the first litter increases, agrees with the previous results \[[@B2], [@B6]\]. Those authors reported that large litter-size at the first parity is the main factor associated with the lower number of pigs born alive at the second parity. The use in farms of highly prolific sows with short weaning to estrus intervals may cause low ovulation rate and high embryonic mortality related to higher body weight losses during lactation \[[@B17]\]. Therefore, given that the odds (33.2) showing a reduction in the size of the second litter was greater for the first parity sows with large litters (\>12 pigs), more attention should be given to them, with respect to feeding and body condition during lactation. Primiparous sows require higher demand of nutrients since they have not yet reached adult size and weight, and without a satisfactory feed intake during lactation they lost body weight which may cause high embryo mortality \[[@B18]\] and smaller litter size.

Morgan Morrow et al. \[[@B2]\] reported that delaying the breeding of the first parity sows after weaning was associated with the increased number of pigs born alive in parity 2. Koketsu et al. \[[@B19]\] and Rathje and Himmelberg \[[@B13]\] showed that for each additional day in lactation the subsequent litter size increases in 0.1 piglets. In this study, a decrease in the second litter was more likely for sows with prolonged weaning to conception interval, which agrees with the findings of Morgan Morrow et al. \[[@B2]\]. An approach to allow the first litter sow to recover from the previous lactation is to inseminate the sow at the second heat after weaning instead of the first one (skip a heat). Skipping the first heat can improve pregnancy rates by 15% and subsequently the litter sizes by 1.3 to 2.5 piglets \[[@B20], [@B21]\]. However, skipping a heat will increase the nonproductive days of the sows.

From the results of this study, it can be concluded that a high proportion of sows showed the second-litter syndrome (55.8%). There were farm differences in the occurrence of the second-litter syndrome. Sows with large litters at the first parity, those farrowing in the dry or rainy seasons and those with shorter weaning to conception intervals, had higher odds showing the second-litter syndrome.
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###### 

Factors associated with the second-litter syndrome in three pig farms in Yucatan, Mexico, using a binomial logistic model.

  Factor                                  *N*    Estimate   Standard error   Odds ratio   95% Confidence limits
  --------------------------------------- ------ ---------- ---------------- ------------ -----------------------
  Farm                                                                                     
   1                                      1893   0                           1             
   2                                      843    0.442      0.105            1.55         1.26, 1.91
   3                                      1560   0.697      0.092            2.01         1.68, 2.41
                                                                                          
  Year of farrowing                                                                        
   2003                                   363    0                           1             
   2004                                   307    0.166      0.182            1.18         0.83, 1.69
   2005                                   600    0.504      0.158            1.66         1.21, 2.26
   2006                                   414    0.232      0.168            1.26         0.91, 1.75
   2007                                   418    0.129      0.169            1.14         0.82, 1.59
   2008                                   405    0.114      0.171            1.12         0.80, 1.57
   2009                                   623    0.040      0.158            1.04         0.76, 1.42
   2010                                   577    0.258      0.158            1.29         0.95, 1.76
   2011                                   589    0.224      0.156            1.25         0.92, 1.70
                                                                                          
  Season of farrowing                                                                      
   Dry                                    1360   0.180      0.087            1.20         1.01, 1.42
   Rainy                                  1381   0.212      0.090            1.24         1.04, 1.47
   Windy                                  1555   0                           1             
                                                                                          
  Number of pigs born alive                                                                
   \<9                                    1097   0                           1             
   9-10                                   1179   1.29       0.096            3.63         3.01, 4.38
   11-12                                  1086   2.25       0.105            9.51         7.75, 11.7
   \>12                                   934    3.50       0.134            33.24        25.6, 43.2
                                                                                          
  Lactation length (days)                                                                  
   \<18                                   176    0.323      0.205            1.38         0.92, 2.06
   18--24                                 3631   0.203      0.115            1.23         0.98, 1.54
   \>24                                   489    0                           1             
                                                                                          
  Weaning to conception interval (days)                                                    
   \<4                                    1505   0.577      0.091            1.78         1.49, 2.13
   4--11                                  1344   1.01       0.092            2.74         2.29, 3.28
   \>11                                   1447   0                           1             
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